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Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of Application No. 10/186,917, filed on 
10 June 28, 2002. The disclosure of this application is incorporated herein by reference for 
all purposes. 



Background of the Invention 

15 1. Field of the Invention 

[0002] This invention generally relates to an apparatus and method of cleaning a 
processing chamber to remove previously deposited chamber residues, which have 
accumulated on interior surfaces of the apparatus. In particular, the invention relates to a 
silicon-containing coating being applied to the inner surfaces of a processing chamber 

20 where the silicon-containing coating is removed along with any residues deposited on the 
coating during processing operations. 
2. Description of the Related Art 

[0003] As semiconductor processes deal with smaller geometries being defined on 
semiconductor substrates it is becoming more difficult to maintain the uniformity and 
25 accuracy of critical dimensions. Moreover, it has become increasingly important that the 
environment inside the processing chamber be consistent to ensure acceptable wafer to 
wafer variability of the critical dimensions. As is known in the art, many of the processes 
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carried out within the semiconductor processing chambers leave deposits on the inner 
surfaces of the processing chamber. As these deposits accumulate over time, they can 
become a source of particulate contamination that is harmful to the substrates being 
processed. For example, the particulate contamination may flake off and fall onto the 
5 surface of the substrate if the particulate contamination is allowed to build up over time. 
[0004] Although care and caution is involved during the monitoring of a chemical 
process, more often than not, undesired residues are deposited on the inner surfaces of the 
process chambers where the processes are taking place. The undesired residues, 
unfortunately, get deposited in and around the walls of the processing chamber. The build 

10 up of residues inside the processing chamber, over time, not only make the processes 
unreliable and shifted from baseline, but also result in degraded, defective substrates due 
to particulate contamination that builds up over time on the inner surfaces of the chamber. 
Without frequent cleaning procedures, impurities from the residue deposited on the 
chamber's inner surfaces can migrate onto the substrate. In addition, process etch rates or 

15 deposition rates can vary over time due to the changing chamber conditions from residue 
build-up resulting in out of control process performance. As alluded to above, the build 
up of deposits on the inner surfaces of the chamber causes an inconsistent environment 
which impacts the processing operation being performed. That is, the build up of deposits 
increases with each processing operation. Thus, each successive processing operation 

20 does not initiate with the same chamber conditions. Accordingly, the changed starting 
conditions for each successive processing operation causes a variance that eventually 
exceeds acceptable limits, which results in etch rate drift, critical dimension drift, profile 
drift, etc. 

[0005] One attempt to solve these issues has been to run in-situ cleaning processes in 
25 between processing operations. However, these cleaning processes tend to leave residues 
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of their own behind. Thus, as a result of attempting to clean the processing chamber of 
one contaminant, the cleaning process leaves behind another residue that may build up 
over time and eventually flake off onto a semiconductor substrate. In addition, failure to 
completely clean the etch chamber affects the processing of the next semiconductor 
5 substrate. That is, the reproducibility and repeatability of the etch rate from wafer to 
wafer is gradually impacted such that the processing chamber will have to be wet cleaned 
in order to perform processing within acceptable limits. Thus, the system availability is 
adversely impacted because of the restricted mean time between wet cleans. 
[0006] Figure 1 is a simplified cross-sectional view of an etch chamber. Etch chamber 

10 100 includes RF coil 102 disposed over window 104. A semiconductor substrate 106 to 
be processed rests on substrate support 108. In between each process operation, a wafer- 
less auto clean (WAC) process can be performed in order to minimize buildup of residues 
on the inner surface of etch chamber 100. However, it has been observed that the WAC 
process itself leaves particulates or residues 110, on the inner surfaces of chamber 100. 

15 As more residue 110 accumulates on the inner surfaces, the impact on the processing 
operation, such as an etch operation, becomes more severe because of the residue buildup. 
[00071 Eventually a wet clean operation must be performed to remove residues that are 
not entirely removed by the in-situ cleaning process or residues left behind by the cleaning 
process. Unfortunately, such cleaning operations affect a substrate processing system's 

20 utilization in a variety of ways. For example, system utilization is reduced by the time 
involved in performing cleaning operations. When a wet clean is performed, opening the 
processing chamber and physically wiping the chamber's interior surfaces results in even 
more downtime because the processing environment must subsequently be re-stabilized. 
Moreover, the re-stabilization of the chamber condition requires processing many wafers 
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to condition the chamber back to the pre-wet clean operating chamber state without 
excessive residue build-up. 

[0008] In view of the foregoing, what is needed is a method and apparatus for in- 
situcleaning and chamber condition control, so that the chamber state is the same for every 
5 wafer being processed, thereby allowing for reproducible and repeatable process 
operations for each successive wafer and extending the mean time between wet cleans. 
The chamber condition control method ensures repeatable process operations despite the 
possible slow buildup of residues due to etch and clean operations in the process chamber. 
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Summary of the Invention 

[0009] Broadly speaking, the present invention fills these needs by providing a method 
and apparatus for in-situ cleaning of a process chamber that provides a removable coating 
to the inner surfaces of the process chamber. The removable coating, known as pre-coat, 
5 allows for consistent starting conditions for each wafer being processed. It should be 
appreciated that the present invention may be implemented in numerous ways, including 
as an apparatus, a system, a device, or a method. Several inventive embodiments of the 
present invention are described below. 

[0010] In one embodiment, a method for removing chamber deposits and chamber 

10 condition control in between process operations in a semiconductor process chamber is 
provided. The method initiates with depositing a silicon-containing pre-coat layer over an 
inner surface of a semiconductor process chamber. The semiconductor chamber is empty 
for the deposition of the silicon-containing layer. Then, a wafer is introduced into the 
semiconductor process chamber after depositing the silicon containing pre-coat layer. 

15 Next, a process operation is performed on the wafer. The process operation deposits a 
residue on the silicon containing layer covering the inner surface of the semiconductor 
process chamber. Then, the wafer is removed from the semiconductor process chamber. 
Next, an in-situ cleaning process is initiated upon completion of the processing operation 
and removal of the wafer. The initiating includes flowing a fluorine containing gas into 

20 the semiconductor process chamber, and establishing a pressure within the semiconductor 
process chamber capable of allowing a plasma created from the fluorine containing gas to 
clear the silicon containing layer covering the inner surface of the processing chamber. 
[0011] In another embodiment, a method for cleaning a process chamber to provide 
substantially similar starting conditions for each process operation is provided. The 

25 method initiates with depositing a silicon containing pre-coat over the inner surfaces of the 
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process chamber. Then, a wafer is introduced into the process chamber. Then, a process 
operation is performed on the wafer. Next, a CF X residue is deposited on silicon coated 
inner surfaces of the process chamber as part of the process operation. Then, the wafer is 
removed from the process chamber. Next, an oxygen plasma cleaning operation is 

5 performed to remove the CF X residue deposited from the process operation. 

[0012] In yet another embodiment, a semiconductor processing chamber is provided. The 
semiconductor processing chamber includes a top electrode in communication with a 
power supply and a processing chamber defined within a base, a sidewall extending from 
the base, and a top disposed on the sidewall. The processing chamber having an outlet 

10 enabling removal of fluids within the processing chamber. The processing chamber 
includes a substrate support and an inner surface defined by the base, the sidewall and the 
top. The inner surface is coated with a removable silicon containing coating. The silicon 
containing coating is configured to seal particles between the inner surface and the silicon 
containing coating. 

15 [0013] Other aspects and advantages of the invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 

[0014] The present invention will be readily understood by the following detailed 

description in conjunction with the accompanying drawings, in which like reference 
numerals designate like structural elements. 
5 [0015] Figure 1 is a simplified cross-sectional view of an etch chamber. 

[0016] Figure 2 is a cross-sectional schematic diagram of a semiconductor processing 
chamber having a coating applied to the inner surfaces of the chamber in accordance with 
one embodiment of the invention. 

[0017] Figure 3 A is a cross-sectional schematic diagram of a semiconductor processing 
10c chamber having a residue deposited on the coating applied to the inner surfaces of the 
chamber in accordance with one embodiment of the invention. 

[0018] Figure 3B is a cross-sectional schematic diagram of the semiconductor processing 
chamber of Figure 3A after being subjected to an oxygen cleaning plasma in accordance 
with one embodiment of the invention. 
15 [0019] Figure 4 is a graph comparing the absorbance of a coating after deposition of the 
coating, after performing the processing operation and after a wafer-less cleaning 
operation in accordance with one embodiment of the invention. 

[0020] Figure 5 is a partial, enlarged schematic diagram of the sidewall of the process 
chamber of Figure 3 A in accordance with one embodiment of the invention. 
20 [0021] Figure 6 is a flowchart diagram of the method operations for removing chamber 
deposits in between process operations in a semiconductor process chamber in accordance 
with one embodiment of the invention. 

[0022] Figure 7 is a flowchart diagram of the method operations for cleaning a process 
chamber to provide substantially similar starting conditions for each process operation in 
25 accordance with one embodiment of the invention. 
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[0023] Figure 8 is a graph of the absorbance of a coating after deposition of the coating 
simultaneous with an in-situ shallow trench isolation (STI) process as compared with the 
absorbance measured after a wafer-less oxygen plasma cleaning operation in accordance 
with one embodiment of the invention. 
5 [0024] Figure 9 is a flow chart diagram illustrating the method operations for applying the 
pre-coat and following with a waferless autoclean (WAC) method in accordance with one 
embodiment of the invention. 

[0025] Figure 10 is a flow chart diagram illustrating the various cleaning chemistries 
applied to a CFx based pre-coat and an Silicon based pre-coat in accordance with one 

10 embodiment of the invention. 

[0026] Figure 11A is a cross-sectional schematic diagram of a semiconductor processing 
chamber having a residue deposited on a silicon based coating applied to the inner 
surfaces of the chamber in accordance with one embodiment of the invention. 
[0027] Figure 1 IB is a cross-sectional schematic diagram of the semiconductor processing 

15 chamber of Figure 11A after being subjected to fluorine cleaning plasma followed by an 
oxygen cleaning plasma in accordance with one embodiment of the invention. 
[0028] Figure 12 is a partial, enlarged schematic diagram of the sidewall of the process 
chamber of Figure 1 1 A in accordance with one embodiment of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0029] An invention is described which provides a method and apparatus for providing the 
same starting conditions for the plasma processing of each wafer in a series of wafers. 
The same starting conditions are provided by applying a carbon-containing polymer 
5 coating or silicon -containing coating to the inner surfaces of the plasma processing 
chamber prior to introduction of the wafer. The pre-coat layer applied on the inner 
surfaces of the chamber also prevents the transfer of particulate and metal contamination 
from chamber surfaces to the subsequent wafer processed in the semiconductor reactor. It 
will be obvious, however, to one skilled in the art, that the present invention may be 
10 practiced without some or all of these specific details. In other instances, well known 
process operations have not been described in detail in order not to obscure the present 
invention. 

[0030] The embodiments of the present invention provide a method and apparatus for 
applying a carbon and fluorine (CF X ) containing polymer or silicon -containing pre-coat 

15 that allows for the efficient removal of the pre-coat and residues deposited on the pre-coat 
during wafer processing operations. The CF X polymer coating is configured to include a 
plasma cleaning agent that is liberated upon a wafer-less auto clean (WAC) process 
performed on the chamber after a processing step. In one embodiment, the polymer 
coating includes a fluorine containing polymer wherein the fluorine is liberated during the 

20 cleaning process to remove the residues deposited from the cleaning process. In another 
embodiment, the polymer coating has an average chemical formula of CF X , where x is a 
real number between 0 and 4. 

[0031] The pre-coat provides a baseline starting condition that is repeated for each wafer 
being processed. Accordingly, process repeatability is ensured from wafer to wafer, 
25 thereby resulting in substantial elimination of variation caused by incrementally changing 
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starting conditions experienced by each successive wafer. It should be appreciated that the 
material composition of the chamber is irrelevant when the pre-coat is applied to the inner 
surfaces of the chamber. While the embodiments described below are discussed with 
reference to silicon etching, such as shallow trench isolation (STI) and polysilicon gate 
5 etching, the embodiments may be applied to other suitable etching and deposition 
processes used in semiconductor fabrication processes. The details for applying a silicon 
based pre-coat are discussed with references to Figures 9-12 and Table 3. 
[0032] Figure 2 is a cross-sectional schematic diagram of a semiconductor processing 
chamber having a pre-coat applied to the inner surfaces of the chamber in accordance with 

10 one embodiment of the invention. Processing chamber 120 is defined by top 120c, base 
120b, and side wall 120a extending between the top and the base. In one embodiment top 
120c is a quartz or sapphire window. Electrode 122 is disposed above top 120c and 
provides the energy to create a plasma in processing chamber 120. Radio frequency (RF) 
supply 124 is in communication with electrode 122 and supplies the necessary power to 

15 the electrode for a processing operation in processing chamber 120. For example, 
processing chamber 120 can be used for etch or deposition processes commonly 
performed in semiconductor fabrication processes. Electrostatic chuck 126 is configured 
to support a wafer undergoing a processing operation. RF supply 128 supplies power to 
electrostatic chuck 126. Outlet 132 enables the evacuation of processing chamber 120 

20 through pump 134. 

[0033] Still referring to Figure 2, pre-coat layer 130 is deposited on the inner surface of 
top 120c, base 120b, and sidewall 120a of processing chamber 120. Additionally, pre-coat 
layer 130 is deposited on the outer surface of electrostatic chuck 126. Thus, all the inner 
surfaces of processing chamber 120 are covered with pre-coat layer 130. In one 

25 embodiment, pre-coat layer 130 is composed of a carbon and fluorine containing polymer 
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having an average formula CF X , where x is a real number between 0 and 4. That is, 
polymer layer 130 includes the elements of carbon and fluorine. As will be explained in 
more detail below, polymer layer 130 is deposited on the inner surfaces of processing 
chamber 120 through the creation of a perfluorocarbon feed gas plasma in the processing 
5 chamber. As will be explained in more detail with reference to Figures 11 A, 11B, and 12, 
the pre-coat layer may consist of a silicon containing deposition in another embodiment of 
the invention. 

[0034] Figure 3A is a cross-sectional schematic diagram of a semiconductor processing 
chamber having a residue deposited on the CF X pre-coat applied to the inner surfaces of 

10 the chamber in accordance with one embodiment of the invention. Here, wafer 144 has 
undergone a processing operation, such as an etch or deposition operation. During the 
etch or deposition process plasma 142 is created inside process chamber 120. As a result 
of the processing operation, residue deposits 140 are formed overpre-coat layer 130. One 
skilled in the art will appreciate that where wafer 144 is silicon-based, silicon-based 

15 residues 144 are deposited on the inner surface of process chamber 120. Thus, the 
chamber walls of processing chamber 120 contain a mixture of silicon-based residues 144 
on carbon and fluorine polymer pre-coat layer 130. Processing chamber 120 can now be 
cleaned with an oxygen (0 2 ) plasma once the wafer has been removed as will be explained 
further with reference to Figure 3B. It should be appreciated that other process by- 

20 products besides silicon can be deposited, such as tungsten, carbon, etc. 

[0035] Figure 3B is a cross-sectional schematic diagram of the semiconductor processing 
chamber of Figure 3A after being subjected to an oxygen cleaning plasma in accordance 
with one embodiment of the invention. Oxygen plasma 148 liberates the fluorine from the 
CF X polymer pre-coat layer of Figure 3A by reacting with the carbon in the polymer 

25 coating to form carbon monoxide and carbon dioxide. The free fluorine released from the 
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reaction between O2 plasma 148 and the carbon removes silicon containing residue 
deposits, such as silicon oxy-halides and silicon oxide, by forming volatile SiF x and Si x F y 
compounds, where x and y are integers. It should be appreciated that the volatile reaction 
species formed when removing residue deposits 140 and CF X polymer pre-coat layer 130 
5 are pumped out of process chamber 120 by pump 134 through outlet 132. Where layer 
130 is a silicon containing pre-coat, a wafer-less auto clean (WAC) process performed as 
either a one step fluorine rich plasma process or a two step process may be applied to 
clean the inner surfaces, i.e., remove the silicon containing pre-coat layer and any 
deposited residues resulting from the wafer processing operation. Further details on the 

10 WAC processes that may be utilized here are contained in U.S. Application Serial No. 
10/139,042 entitled "Plasma Cleaning of Deposition Chamber Using Duo Step Wafer-less 
Auto Clean Method," filed on May 3, 2002, and U.S. Application Serial No. 10/138,288 
entitled "High Pressure Wafer-less Auto Clean Method for etch Applications," filed on 
May 2, 2002. Both of these applications are hereby incorporated by reference for all 

15 purposes. Additionally, one skilled in the art will appreciate that the embodiments of 
Figures 3A and 3B apply to inductively coupled, capacitively coupled process chambers, 
microwave discharges, electron cyclotron resonance (ECR), and helicon resonator 
discharges. 

[0036] In one embodiment, the cycle defined by the deposition of the pre-coat layer prior 
20 to processing a wafer and the subsequent cleaning of the chamber after the processing, 
occurs for each wafer being processed. Thus, the chamber state is substantially the same 
for each wafer. In turn, drifts due to degradation and erosion of the chamber parts are 
substantially eliminated since each wafer sees the same chamber environment, i.e., walls 
covered by pre-coat layer. In addition, the attack of chamber parts by aggressive etch 
25 chemistries and the particulate and metal contamination of wafers from chamber materials 
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are both minimized because of the pre-coat layer applied to the inner surfaces of the 
processing chamber. That is, the pre-coat layer not only provides a consistent chamber 
environment for each wafer, but also provides contamination protection for the wafers and 
protection for the chamber parts. Accordingly, the mean time between wet cleaning 
5 operations is extended, thereby allowing for continuous running of the equipment for 
longer periods in between wet cleaning operations. 

[0037] Figure 4 is a graph comparing the absorbance of a CF X polymer pre-coat after 
deposition of the coating, after performing the processing operation and after a wafer-less 
cleaning operation in accordance with one embodiment of the invention. The monitoring 

10 was performed by attenuated total internal reflection Fourier transform infrared (ATIR- 
FTIR) spectroscopy. As is known in the art, ATIR-FTIR is used to detect deposition on a 
ZnSe crystal located on a chamber wall. The deposition of the etch products appears in 
the ATIR-FTIR signal as absorbance of the infrared (IR) beam at silicon oxide stretches 
(1020 -1270 cm" 1 ) and CF X absorbance (110-1400 cm" 1 ). Line 150 represents the 

15 absorbance due to the CF X polymer pre-coat deposited after exposing a clean chamber to 
CHF 3 plasma. Subsequent etching of a hard mask STI wafer in the process chamber with 
chlorine CI2/O2 chemistry leads to deposition of silicon containing material on the 
chamber wall along with some removal of the polymer pre-coat layer. 
[0038] Still referring to Figure 4, line 152 represents the absorbance due to the deposition 

20 of the silicon containing material, i.e., silicon oxy-halides (SiO x F y Cl z Br n ) and silicon oxide 
(SiC>2), and the removal of some of the CF X polymer pre-coat after the etching operation. 
That is, a processing operation deposits SiO-containing residue and at the same time a 
portion of the polymer coating is removed. Upon completion of the STI process 
operation, a wafer-less auto clean is performed where an oxygen (0 2 ) plasma is created in 

25 the chamber. The oxygen plasma reacts with the carbon of the polymer coating and as a 
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result, fluorine is released from the CF X pre-coat layer. The released fluorine reacts with 
the silicon oxide containing deposit to form volatile compounds that are removed. Line 
154 represents a baseline reading after the oxygen plasma cleaning. It should be 
appreciated that each wafer will see the same chamber environment when the above 
5 described process is performed and the pre-coat is re-applied. That is, the chamber 
environment is returned to a baseline level through the application of a pre-coat to the 
inner surfaces after each O2 plasma cleaning operation. 

[0039] Thus, both the carbon based pre-coat deposits and the silicon based etch byproduct 
deposits are removed by the introduction of the O2 plasma. The deposits are removed by 

10 the reactions described above where volatile compounds are formed and simultaneously 
pumped out of the chamber through an outlet in communication with a suitable pump. For 
example, silicon deposits forms silicon tetrafluoride (SiF4), tungsten forms Tungsten 
hexafluoride (WFe), carbon forms carbon tetrafluoride (CF4) as well as carbon dioxide 
(CO2), all of which are pumped out of the chamber. In one embodiment, the endpoint of 

15 the O2 plasma clean operation can be determined by monitoring the 516.5 nanometer line, 
i.e., diatomic carbon (C2) emission. 

[0040] Figure 5 is a partial, enlarged schematic diagram of the sidewall of the process 
chamber of Figure 3A in accordance with one embodiment of the invention. Here, 
chamber sidewall 120a has CF X polymer coating 130 disposed over the interior surface of 

20 the sidewall. After a processing operation, such as an etch or deposition operation, residue 
deposits 140 are disposed over the interior surface of pre-coat layer 130. It should be 
appreciated that residue deposits 140 are porous, and additionally not necessarily 
uniformly distributed or continuous. In one embodiment, a thickness of pre-coat layer 130 
is less than 500 angstroms (A). In another embodiment, the thickness of polymer coating 

25 130 is less than 200 A. In a preferred embodiment, the thickness of polymer coating 130 
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is between about 0 A and about 50 A. It should be appreciated that the top, base and 
sidewall of the process chamber can be constructed from any material suitable for the 
semiconductor process operations, such as aluminum, ceramic, aluminum coated with 
ceramic, aluminum coated with silicon carbide, and aluminum coated with yttrium oxide. 

5 [0041] Figure 6 is a flowchart diagram of the method operations for removing chamber 
deposits in between process operations in a semiconductor process chamber in accordance 
with one embodiment of the invention. The method initiates with operation 160 where a 
clean chamber is provided. Here the chamber is in a condition to begin a processing 
operation, such as a deposition or etch operation. The method then advances to operation 

10 162 where the inner surfaces of the processing chamber are coated with a pre-coat. The 
pre-coat has a composition of carbon and fluorine. That is, in terms of a chemical 
formula, the polymer pre-coat can be represented by CF X . In one embodiment, a gas 
containing carbon and fluorine is introduced into the process chamber and a plasma is 
struck to deposit the CF X polymer coating. Table 1 illustrates approximate ranges for the 

15 process variables for coating the inner surfaces of the process chamber with the polymer 
coating when the gas containing carbon and fluorine is a mixture of CH 2 F 2 and CF 4 . 

TABLE 1 





Power (Watts) 
Top Bottom 


Temperatur 
e 


Flow rate of 
Gases (seem) 


Pressure 
(milliTorr) 


Approx.# 


800 W 0 W 


60°C 


CH 2 F 2 -100 
CF4-IOO 


10 


Wide Range 


300-1500 W 0-50 W 


20°C- 
100°C 


CH2F2- 0-1000 
CF 4 - 0-1000 


1-200 


Middle 
Range 


300-1000 W 0-30 W 


40°C-80°C 


CH2F2-O-2OO 
CF4-O-2OO 


1-100 
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[0042] Table 1 illustrates the process ranges associated with CH2F2 and CF4. However, it 
should be appreciated that any suitable gas or combination of gases can be used to deposit 
the fluorine containing polymer layer that acts as a solid source of fluorine for the oxygen 
cleaning plasma. Suitable gas combinations include the following combinations: 
5 CHF3/CF4, CH2F2/CHF3/CF4, CH 2 F 2 /SF 6 , CH 2 F 2 /CF 4/ Ar/He, CH 2 F 2 /CF4/He, 
CH2F2/CF4/Ar, CHF 3 /CF4/Ar/He. In addition, the gases containing carbon and fluorine 
can be used individually in another embodiment, such as C 2 F6, CH 2 F 2 , C3F8, C4F8, CH 3 F 
and CHF3. The process variables include power supplied to a top electrode and a bottom 
electrode, temperature inside the chamber, flow rate of gases into the chamber and 

10 pressure in the chamber. 

[0043] Returning to Figure 6, the method then proceeds to operation 164 where a wafer to 
be processed is introduced into the pre-coated chamber. The method then moves to 
operation 166 where the wafer is etched. Of course, the process operation is not limited to 
an etching operation. For example the operation could be a deposition operation or 

15 photoresist stripping operation. The method then advances to operation 168 where the 
wafer is removed from the processing chamber upon the completion of the process 
operation. It should be appreciated that during the processing of the wafer, chamber 
deposits are left on the polymer coating of the inner surfaces of the processing chamber. 
The method then proceeds to operation 170 where an oxygen plasma cleaning is 

20 performed. Table 2 illustrates approximate ranges for the process variables for the oxygen 
plasma cleaning process. 

TABLE 2 





Top Power 
(Watts) 


Bottom Power 
(Watts) 


Temperature 

°C 


Flow Rate 
(seem) 


Pressure 
(milliTorr) 


Approx. 


800 


0 


60 


200 


15 


Wide range 


300-2000 W 


0 


20-100 


50-1000 


1-200 


Middle Range 


300-1000 W 


0 


40-80 


50-500 


1-50 
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[0044] Table 2 illustrates the process variables when oxygen is the gas being introduced 
into the processing chamber. Similar to table 1, the process variables include the top 
power supplied to a top electrode of the chamber, the bottom power, temperature of the 
5 chamber, flow rate of oxygen into the chamber and the pressure of the chamber. It should 
be appreciated that oxygen can be mixed with an inert gas such as argon and/or helium. In 
one embodiment, the oxygen is mixed with argon, which in turn makes the plasma more 
intense. Thus, the removal rate of the chamber deposits and the polymer coating can be 
increased. When oxygen is mixed with an inert gas, the process variables of Table 2 

10 would be the same, while the flow rate of the inert gas is between 0 and a flow equal to the 
flow rate of the oxygen. It should be appreciated that the process variables of Tables 1 
and 2 may vary slightly for different types of process tools as well as different geometries 
of the same process tools. Thus, the process ranges are exemplary and not meant to be 
limiting. In one embodiment the process variables are applied to TCP9400 series tools. In 

15 another embodiment the process variables are applied to 2300 series tools. 

[0045] Returning to Figure 6, the method advances to decision operation 172 where it is 
determined if another wafer is to be processed. If there is another wafer, then the method 
returns to operation 162 where the inner surfaces of the chamber are coated with the pre- 
coat layer and the above described processes are repeated. It should be appreciated that 

20 the chamber environment experienced by each wafer is substantially the same because of 
the pre-coat layer applied to the inner surfaces of the processing chamber after the oxygen 
plasma wafer-less auto clean. If it is determined that there is not another wafer in decision 
operation 172, then the method terminates. 

[0046] Figure 7 is a flowchart diagram of the method operations for cleaning a process 
25 chamber to provide substantially similar starting conditions for each process operation in 
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accordance with one embodiment of the invention. The method initiates with operation 
174 where a wafer is introduced into a processing chamber. Here, the chamber is in a 
condition to begin a processing operation, such as a deposition or etch operation and is in 
a clean state. The method then moves to operation 176 where the process operation is 
5 performed, i.e., the etch or deposition operation is performed. The method then advances 
to operation 178 where a fluorine containing polymer pre-coat layer is deposited on the 
inner surfaces of the process chamber during the processing of the wafer in this 
embodiment. The processing operation depositing a fluorine containing polymer layer 
during the processing operation include operations, such as nitride mask open, oxide mask 
10 open, and bottom anti -reflective coating (BARC) etch processes using CH 2 F 2 as a process 
gas and any other etch process for a stack that uses one of the gases or gas combinations 
described with reference to TABLE 1 . 

[0047] The method of Figure 7 then advances to operation 180 where the wafer is 
removed from the processing chamber upon the completion of the process operation. It 

15 should be appreciated that during the processing of the wafer, deposits other than the CFx 
polymer film may be formed and are left on the pre-coat layer of the inner surfaces of the 
processing chamber. One skilled in the art will appreciate that the inner surfaces of the 
processing chamber are coated in concert with the initiation of the above mentioned 
processes with reference to method operation 178. The method then proceeds to operation 

20 182 where an oxygen plasma cleaning is performed. In one embodiment, the process 
variables described with reference to TABLE 2 are used for performing the oxygen 
plasma cleaning. The method then advances to decision operation 184 where it is 
determined if another wafer is to be processed. If there is another wafer to be processed, 
then the method returns to operation 176 where the process operation is performed on the 

25 next wafer and the inner surfaces of the chamber are simultaneously coated with the 
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polymer coating upon the initiation of process operation as described above. It should be 
appreciated that the chamber environment experienced by each wafer is substantially the 
same because of the polymer coating being applied to the inner surfaces of the processing 
chamber upon the initiation of the process operation. If it is determined that there is not 
5 another wafer in decision operation 184, then the method terminates. 

[0048] Figure 8 is a graph of the absorbance of a CF X pre-coat layer after deposition of the 
coating simultaneous with an in-situ shallow trench isolation (STI) process as compared 
with the absorbance measured after a wafer-less oxygen plasma cleaning operation in 
accordance with one embodiment of the invention. Similar to Figure 4, the monitoring for 

10 Figure 8 was performed by attenuated total internal reflection Fourier transform infrared 
(ATIR-FTIR) spectroscopy. Here, a polymer coating is deposited on the inner surfaces of 
a chamber due to an in-situ STI process. More particularly, a nitride layer etch using 
CH 2 F 2 and CF 4 was performed here to deposit the CF X polymer coating on the inner 
surfaces of the processing chamber during the processing step. Line 186 represents the 

15 absorbance after the processing operation. Region 188 of line 186 is a shoulder 
representing silicon oxide deposits on the inner surfaces of the processing chamber from 
the trench etch portion of the process. 

[0049] Line 190 of Figure 8 represents a baseline reading after the oxygen plasma 
cleaning. It should be appreciated that each wafer will see the same chamber environment 

20 when the solid source of fluorine is deposited on the chamber interior surfaces at the 
initiation of the processing operation. An oxygen plasma cleaning operation is then 
performed to remove the CF X pre-coat layer and the residue deposits from the processing 
operation, such as silicon based and carbon based deposits. That is, a substantially similar 
absorbance reading is obtained after each oxygen plasma cleaning when the polymer 

25 coating is deposited on the inner surfaces of the chamber upon the initiation of the 
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processing operation. Thus, both the carbon based deposits and the silicon based deposits 
are removed by the introduction of the O2 plasma. The deposits are removed by the 
reactions described above where volatile compounds are formed and simultaneously 
pumped out of the chamber through an outlet in communication with a suitable pump. 
5 [0050] Figure 9 is a flow chart diagram illustrating the method operations for applying the 
pre-coat and following with a wafer autoclean method in accordance with one 
embodiment of the invention. The method initiates with operation 200 where a CF X based 
pre-coat or a Silicon based pre-coat is applied to the internal surfaces of a semiconductor 
processing chamber. The CF X pre-coat has been described above with reference to Figures 

10 3-8. In one embodiment, a silicon based pre-coat, for example, silicon oxide like film, 
may be applied to the internal surfaces of a semiconductor processing chamber as will be 
described below. A silicon containing pre-coat is achieved with plasmas containing 
mixtures of silicon containing feed gas, oxygen, nitrogen, and inert gases (such as Helium, 
Argon, etc.). The method then advances to operation 202 where a wafer is transferred 

15 through the chamber. Here, the chamber has been pre -coated with either a CF X or a 
Silicon based pre-coat. 

[0051] The method of Figure 9 then proceeds to operation 204 where wafer etching is 
executed. It should be appreciated that the execution of the wafer etching results in etch 
by-product deposition on the chamber walls. The byproduct deposition may include any 

20 silicon or carbon based by-products encountered during etching operations. The method 
then moves to operation 206 where the wafer is removed from the processing chamber 
upon completion of the etching operation. At this point, the chamber walls of the 
processing chamber include the pre-coat layer over which the by-product residues have 
been deposited. The method then advances to operation 208 where a wafer autoclean 

25 (WAC) is performed to clean all deposition products from the chamber walls. Depending 
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on the nature of the pre-coat and the nature of the by-products, a fluorine and oxygen 
wafer autoclean step may be performed. Alternatively, an oxygen-only wafer autoclean 
may be executed. As described above, with reference to Figures 3 - 8, a CF X based pre- 
coat preferably uses an oxygen-based plasma cleaning. However, a fluorine based plasma 
5 cleaning followed by an oxygen based plasma cleaning may be used as an alternative to 
the oxygen-based cleaning only. The cleaning preferences for a silicon based pre-coat are 
described more fully with reference to Figure 10. 

[0052] The silicon containing chamber pre-coat is achieved with plasmas containing 
mixtures of silicon containing feed gas, with oxygen and/or nitrogen. Inert gases, e.g., 

10 helium and argon may also be added to the gas mixture. Exemplary silicon containing 
feed gases include: SiH4, Si 2 H 6 , SiH 3 CH 3 , Si(CH 3 ) 3 , SiF 4 , SiCl 4 , SiHCl 3 , SiH 2 Cl 2 , SiBr 4 
and tetraethyl orthosilicate (TEOS). The silicon containing pre-coat may be represented 
by the formula SiO x N y R z where x, y, z are real numbers and R is a constituent of the 
silicon containing feed gas. Composition of a silicon containing pre-coat deposited using 

15 SiCl 4 and 0 2 gases may be represented by SiO x Cl 2 , where x is a real number between 0 
and 2. An exemplary range of the processing parameters for applying the silicon 
containing pre-coat generated from a SiCl 4 and 0 2 is listed in Table 3. 

TABLE 3 





Top Power 


Bottom Power 


Flow Rate 


Flow Rate 


Pressure 




(Watts) 


(Watts) 


SiCl 4 (seem) 


O2 (seem) 


(milliTorr) 


Approx. 


800 


0 


50 


200 


10 


Wide range 


300-2000 W 


0-50 


10-800 


50-2000 


1-200 


Middle Range 


300-1000 W 


0-30 


30-300 


50-600 


1-50 



20 [0053] Figure 10 is a flow chart diagram illustrating the various cleaning chemistries 
applied to a CFx based pre-coat and a SiO based pre-coat in accordance with one 
embodiment of the invention. The flow chart diagram initiates with decision operation 
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210 where it is determined what type of pre-coat step was used. As discussed above with 
reference to Figure 9, a CFx based pre-coat or a silicon-containing pre-coat may be used. 
The etch byproducts deposited in the chamber depend on both the nature of the wafer 
processed and the process chemistry used and typically consist of either silicon-oxy-halide 
5 deposits or a combination of silicon-oxy-halides with CF X deposits. Where the pre-coat is 
a CFx based pre-coat, the overall deposition in the chamber following a wafer etch process 
results in silicon-oxy-halide and CF X deposition residues on the inner walls of the chamber 
as illustrated in boxes 210 and 216. For the CF X based pre-coat, the preferred cleaning 
chemistry is an oxygen plasma which utilizes fluorine from the deposition film to clean 

10 silicon oxide as discussed above with reference to Figures 3A through 8. Alternatively, a 
cleaning chemistry consisting of a fluorine-based plasma followed by an oxygen-based 
plasma may be used to clean the inner surfaces of the processing chamber following a 
wafer etch process as illustrated in boxes 214 and 218. It should be appreciated that the 
fluorine from the fluorine plasma will clean silicon-oxy-halide residues and the oxygen 

15 plasma will clean carbon based residues such as CF X deposition residues. 

[0054] With respect to a silicon-based pre-coat, such as SiO pre-coat, the by-product 
deposition is dependent on the type of wafer etch performed. For example, during silicon 
and poly-Si wafer etching with halogen containing plasmas, silicon-oxy-halide residues 
are deposited on the inner surfaces of the chamber, while silicon oxide and silicon nitride 

20 wafer etching with fluorocarbon and halogen chemistries results in the deposition of 
silicon-oxy-halide and CF X residues as illustrated in boxes 220 and 224, respectively. The 
cleaning method applied to the inner chamber surfaces after the wafer etch process 
includes a fluorine plasma followed by an oxygen plasma cleaning. As illustrated in 
boxes 222 and 226 the fluorine from the fluorine plasma cleans silicon oxide, while the 

25 oxygen plasma is directed to clean carbon-based deposits and also removes excess fluorine 
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deposited on the chamber inner surfaces in order to prepare the chamber for a pre-coat 
step as discussed with reference to Figure 9. In one embodiment, the pressure of the 
chamber during the cleaning/clearing of the pre-coat, e.g., fluorine plasma cleaning, is 
greater than 50 mT. In another embodiment the pressure is about 250 mT. 
5 [0055] Figure 11A is a cross-sectional schematic diagram of a semiconductor processing 
chamber having a residue deposited on a silicon based pre-coat applied to the inner 
surfaces of the chamber in accordance with one embodiment of the invention. Here, wafer 
144 has undergone a processing operation, such as an etch or deposition operation. 
During the etch or deposition process, plasma 142 is created inside process chamber 120. 

10 As a result of the processing operation, residue deposits 140 are formed over silicon pre- 
coat layer 131. One skilled in the art will appreciate that where wafer 144 is silicon-based, 
silicon-based residues 140 are deposited on the inner surface of process chamber 120. 
Thus, the chamber walls of processing chamber 120 contain a mixture of silicon-based 
residues 140 on silicon based pre-coat layer 131. Processing chamber 120 can now be 

15 cleaned with a fluorine plasma followed by an oxygen (O2) plasma once the wafer has 
been removed as will be explained further with reference to Figure 11B. It should be 
appreciated that other contaminants besides silicon may be deposited, such as tungsten, 
carbon, etc., as a result of the processing operation. 

[0056] Figure 1 IB is a cross-sectional schematic diagram of the semiconductor processing 
20 chamber of Figure 11 A after being subjected to fluorine cleaning plasma followed by an 
oxygen cleaning plasma in accordance with one embodiment of the invention. The 
fluorine containing plasma removes silicon based residues by forming volatile SiF 
compounds. The oxygen plasma following the fluorine plasma removes the excess 
fluorine from the chamber. In addition, oxygen plasma removes any carbon containing 
25 residue deposits of Figure 11A by forming carbon monoxide and carbon dioxide. 
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Furthermore, the free fluorine released from the reaction between oxygen plasma and the 
carbon may assist in removing silicon containing residue deposits, such as silicon oxy- 
halides and silicon oxide, by forming volatile SiF x and Si x F y compounds, where x and y 
are integers. It should be appreciated that the volatile reaction species formed when 
5 removing residue deposits 140 and pre-coat layer 131 are pumped out of process chamber 
120 by pump 134 through outlet 132. Further details on the WAC processes that may be 
utilized here are contained in U.S. Application Serial No. 10/139,042 entitled "Plasma 
Cleaning of Deposition Chamber Using Duo Step Wafer-less Auto Clean Method," filed 
on May 3, 2002, and U.S. Application Serial No. 10/138,288 entitled "High Pressure 

10 Wafer-less Auto Clean Method for etch Applications," filed on May 2, 2002. Both of 
these applications have been incorporated by reference for all purposes. Additionally, one 
skilled in the art will appreciate that the embodiments of Figures 11A and 11B apply to 
inductively coupled, capacitively coupled process chambers, microwave discharges, 
electron cyclotron resonance (ECR), and helicon resonator discharges. 

15 [0057] Figure 12 is a partial, enlarged schematic diagram of the sidewal] of the process 
chamber of Figure 11A in accordance with one embodiment of the invention. Here, 
chamber sidewall 120a has silicon based coating 131 disposed over the interior surface of 
the sidewall. After a processing operation, such as an etch or deposition operation, residue 
deposits 140 are disposed over the interior surface of silicon based coating 131. It should 

20 be appreciated that residue deposits 140 are porous, and additionally not necessarily 
uniformly distributed or continuous. In one embodiment, a thickness of silicon based 
coating 131 is between about 50 angstroms (A) and about 4000 A. It should be 
appreciated that the top, base, and sidewall of the process chamber can be constructed 
from any material suitable for the semiconductor process operations, such as aluminum, 
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ceramic, aluminum coated with ceramic, aluminum coated with silicon carbide, and 
yttrium oxide. 

[0058] In summary, a method for coating the inner surfaces of a processing chamber with 
a pre-coat layer of a CF X polymer coating or a silicon containing coating to provide a 
5 substantially constant chamber environment for each processing wafer is provided. The 
pre-coat layer may be applied prior to a processing operation or as part of the processing 
operation. The pre-coat layer allows each wafer to see substantially constant repeatable 
chamber conditions by depositing a sacrificial layer of a CF X polymer or silicon containing 
layer prior to or even concurrent with the processing operation. An oxygen plasma 

10 cleaning step, a fluorine plasma cleaning step, or some combination thereof, depending on 
the type of pre-coat and residues deposited is then sufficient to remove the pre-coat layer 
and any residue deposits from the processing operation. Accordingly, drifts due to 
chamber material aging can be substantially eliminated due to the protection provided 
from the aggressive process chemistries offered by either the CFx based or the silicon 

15 based pre-coat. Furthermore, contamination from chamber parts, e.g., on wafer metal 
contamination, can be substantially eliminated by the application of the pre-coat layer. In 
addition, particles contamination present on chamber walls, particles generated in the 
chamber due to incomplete removal of residues, and particles generated by attack of 
chamber materials by aggressive plasma chemistries are prevented from falling on to the 

20 wafer by the pre-coat layer as the pre-coat covers the inner surfaces of the chamber, 
including any particles in the chamber when wafers are processed. In one embodiment, 
the pre-coat layer is re-applied after each wafer is processed. In another embodiment, the 
pre-coat is applied between about once every wafer to about once every 25 wafers. It 
should be appreciated that the time to recover from wet cleans is shortened while the need 

25 to perform wet cleans becomes less frequent as a result of the application of the pre-coat 
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layer. Additionally, drifts due to chamber material aging are substantially eliminated by 
the pre-coat layer which acts to preserve the chamber inner surfaces. 
[0059] Although the foregoing invention has been described in some detail for purposes of 
clarity of understanding, it will be apparent that certain changes and modifications may be 
5 practiced within the scope of the appended claims. Accordingly, the present embodiments 
are to be considered as illustrative and not restrictive, and the invention is not to be limited 
to the details given herein, but may be modified within the scope and equivalents of the 
appended claims. 
What is claimed is: 

10 
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